Abstract: Slurry sampling electrothermal atomic absorption (SS ETAAS) was applied to the development of a sensitive and precise method for selenium determination in infant foods without sample pretreatment. Suspensions prepared in a medium containing 0.1% Triton X -100, 0.5 or 5 % v/v concentrated HNO3were directly introduced into the furnace. The accuracy of the procedure was confirmed by analysis of a standard reference material and comparison with hydride generation atomic absorption spectrometric (HGAAS) procedure. The characteristic mass is 44 pg and detection limit 0.43 pg.1-1.
Introduction
Dietary effects of selenium and its functions in living organism are of significant interest because of its immunostimulating properties. The best-known biochemical function of selenium is its role as a component of glutathione peroxidase. This enzyme protects the endogenic cell system by promoting decomposition of the toxic peroxides. Selenium is essential trace element, however, its excessive quantity in food can result in undesirable effects and toxicity [1] . Selenium content in foods varies depending on such parameters as * E-mail: danutaba@amu.edu.pl D. Baralkiewicz 
e.g. its amount in the soil and livestock feeds [2] . Therefore precise methods of selenium determination in foods are necessary and this is particularly important in the case of infant foods.
Selenium can be determined by cliff)rent methods, e.g. flame and electrothermal atomic absorption spectrometry, hydride generation [3 -5] , atomic emission spectrometry [6] and coupled techniques such as GC-MS [7] . All these methods carry the risk of contamination or loss of volatile selenium. The introduction of slurry sampling in ETAAS has practical advantage over time-consuming conventional procedures based on total dissolution of the samples. The updated information on the determination of trace elements in food products and soil as well as on slurry sampling ETAAS has been given in several papers [8] [9] [10] [11] [12] [13] . Good performance of this method was reported in many papers on metal content in biological and environmental solid samples, published during the last decade [14] [15] [16] [17] [18] [19] [20] [21] .
The present work was aimed at testing the applicability of ultrasonic slurry sampling electrothermal atomic absorption (USSS ETAAS) to the determination of selenium in samples of powdered milk and cereal. This element is volatile; therefore a common problem is its thermal stabilization in graphite furnace until the atomization stage. The application of the STPF (stabilized temperature platform furnace) concept, particularly a proper chemical matrix modification is necessary. In this study compensation for the background was carried out using a deuterium correction. Zeeman correction has been recommended to compensate for the structured background produced by phosphates during the determination of selenium and arsenic [22 -25] . However, it has been shown in several studies [26 -28] that deuterium background correction is also reliable for the deterruination selenium for determination selenium in food. Apparatus into routine purposes are equipped with this latter correction system; it was used in this study.
Experimental
Apparatus. The determination of selenium was performed on a Varian SpectrAA 20 plus atomic absorption spectrometer equipped with deuterium background correction, a GTA -96 graphite furnace, an autosampler and ultrasonic processor Sanpuls, Germany, with a 3 mm titanium probe incorporated into the autosampler to provide automatic agitation of the slurry. The basic operational parameters of the spectrometer are presented in Table 1 . Argon was used to provide the inert atmosphere within the furnace. Pyrolytic graphite coated tubes with preinserted pyrolytic L'vov platforms were employed. Measurements were carried out by using a Se hollow cathode lamp. Reagents. All the chemicals used were of the highest purity available. High quality water, obtained using a Milli -Q system, was used exclusively. A selenium standard solution (1000 /tg.m1-1) was purchased from Merck and was diluted as necessary to obtain working standards. High quality concentrated (6574 m/v ) nitric acid (Merck, Darmstadt, Germany, Triton X -100 (Merck) and palladium nitrate (Sigma) were also Powder, Nestl~ were purchased at local markets in Egypt and Poland. Procedures. The suspensions were prepared by weighing samples (0.2 2 g) directly into precleaned polyethylene vessels and then adding 5 ml of a solution containing 0.1% Triton X -100 and 0.5 % or 5 % nitric acid. The suspensions were sonicated for a few minutes. Aliquots of 20 ttl plus 10 ttl of modifier solution were injected together into the furnace. Calibration was performed using the standard addition method. Certified reference samples were analyzed in the same way. For the sake of comparison, an adapted method based on atomic absorption spectrometry measurement of selenium by hydride generation (HG AAS) [29] was used. Under the conditions of this method, only Se (IV) is quantitatively converted to the hydride, therefore to avoid errors in determination, other oxidation states need to be converted to Se (IV) prior to determination. Se (IV) is reduced to selenium dihydride gas (Sell2) by reaction with sodium tetrahydroborate in a hydrochloric acid.
Results and discussion
The initial experimental problem consisted in obtaining a well-homogenized suspension of infant foods because physical and chemical properties of the samples were conducive to agglomeration and the latter prevented fl'om obtaining reproducible results. Therefore, in addition to the solution of acid, a surfactant Triton X -100 was introduced to the liquid medium and the sample homogenization was improved by sonication.
Stability of the slurry
Stability of the slurry was checked by using two certified reference materials: ARC/CL Skim Milk Powder and whole meal flour CRM 189 prepared in two different liquid media containing 0.5 or 5 % HNO3 v/v and 0.1% Triton X -100. Homogenization of the slurry was performed with an ultrasonic probe generating ultrasonic field of 40 W in intensity, upon agitation for 30 s. Fig. 1 presents results of the stability tests as a relative dependence of selenium absorbance signal on time. The first measurement was carried out immediately after the agitation and the result is shown in Fig. 1 . Absorbance signal and its stabilization at different levels were observed depending on time and medium in which the slurry was made. Values of relative absorbance of selenium in the slurry containing HNO3 (0.5 or 5 %) and Triton X -100 (0.1%) for the certified reference materials ARC/CL and CRM 189 remained for 40 rain almost unchanged (about 100 %). Then, the values of relative absorbance began to decrease and reached about 80 % after 60 rain (Fig. 1) , irrespective of certified reference material and liquid media used.
Representativeness of the aliquot injected into graphite furnace
Sample representativeness is of significm~t importance to results of direct analysis of solid samples by ET AAS. It has a considerable impact on the accuracy and precision of analytical results and depends on the partitioning of analyte between the solid and liquid phase in the slurry and on degree of uni%rrnity of the analyte distribution in the fraction of the sample introduced into the graphite tube [30 -32] . The partitioning of Se between the liquid and solid phases has been studied %r two certified reference materials (CRM) depending on the liquid medium. The results presented in Table 2 point to a high yield of extraction (75 ~ and 60 ~) %r both CRM in the medium consisting of 5 % HNO3 and 0.1% Triton X -100. In order to avoid errors in the determination of the sample fraction introduced into the graphite tube, the sample should contain at least 50 individual particles [30] . The distribution of particle size and their diameters for CRM -ARC/CL Skim Milk Powder and two real smnples (Milk Powder and Cereal) are given in Fig. 2 . In the case of the certified reference material, particle diameters in 0.5 % HNOa with Triton X -100 ranged from 30 to 90 nrn, with the average diameter of 54 nrn, while in 5 % HNOawith Triton X -100 it ranged from 2.5 to 4.2 nm and the average diameter was 3.2 nm. For further studies we have chosen the liquid medium consisting of 0.5 % HNO3and 0.1% Triton X -100 because particle size was satisfactory and acid of lower concentration was less aggressive towards graphite tube. The average diameter of particles %r Polish cereal and Egyptian cereal was 17 and 22 nrn, respectively, and %r Polish milk and Egyptian milk -60 and 63 nrn, respectively. In all cases the number of particles in the slurry introduced to the graphite cell was greater than 50 (densities of milk powder and cereal was 1.88 and 1.82 g.crn -3, respectively).
Furnace heating conditions
The volatility of selenium present in solid smnples of different composition is often the reason for difficulties in its determination by SS ETAAS method. This element should be determined using a graphite tube with a L'vov plat%rm and chemical modification. The modifiers as follows: Pd(NO)3, Mg(NO)3, Pd and Mg(NO) in the amounts corresponding to 0.05 mg Pd and 0.03 mg Mg were employed in our study. Other concentrations of the modifiers tested by us did not result in good stabilization of selenium. In our experiments, atomization temperature was always of 2500 ~ whereas that of pyrolysis ranged from 500 to 1500 ~ The measurements were carried out using a standard aqueous solution containing 20 ttg.1-1 Se and two CRM samples -Milk Powder ARC/CL and Cereal CRM 189 containing 82 • 7.7 and 132 • 10 ttg.kg -1 Se, respectively. In samples of the standard solution and in CRM samples in slurry without a modifier, loss of selenium has been already observed, when pyrolysis temperature exceeded 600 ~ When using Pd as a modifier, selenium stabilization was achieved up to pyrolysis temperature of 1300 ~ Other modifiers, such as Mg or Pd + Mg, were less efibctive %r selenium stabilization at high temperatures. High temperature of pyrolysis (1300 ~ was necessary %r solid samples in order to obtain similar shape of atomization peak as that obtained for standard solutions. Double peaks were produced in the range of 600 1200 ~ At the next stage of the study, we have used two temperatures of sample drying, pyrolysis temperature of 1300 ~ and Pd as the best modifier (Table 1) .
Analytical characteristics
Applying the temperature program shown in Table 1 , the range of linearity (r> 0.998; n 6) was obtained for selenium contents from 2.5 to 30.0/tg.1-1 Se. The detection limit was 0.43/tg.1-1 Se and the characteristic mass -44 pg per 0.0044 s. The precision was determined by analyzing infant foods homogenate sample (n 6, RSD 4.1 -6.6 % for SS ETAAS method and 8.8 -12.8 for HG ETAAS method). Table 3 presents results obtained for different infant food samples using the USSS ETAAS procedure and atomic absorption spectrometry determination of selenium by hydride generation atomic absorption spectrometry HG AAS. The accuracy of the methods was verified for two certified reference materials. Statistical analysis, by applying the paired t -test at the 95 % confidence level, has shown a good agreement between determination results and reference values. Recovery values of selenium contained in Skim Milk Powder ARC/CL and Cereal CRM 189, determined by SS ETAAS were 98 % and 99 %, while those obtained by HG AAS 91% and 95 %, respectively ( Table 3 ). The concentration of selenium both in milk powder and cereal was always higher in the products from Egypt. The content of selenium in the infant foods studied was on the level comparable with that encountered in the literature [33] .
Analysis of slurried infant food samples

Conclusions
The new method developed by us for the determination of selenium, based on the slurry sampling, permits a fast analysis of selenium content in infant foods, and its main advantage consists in the fact that there is no need %r sample pretreatment. The other benefits it offers are the possibility of avoiding contamination and losses frequently taking place during digestion procedures. The results obtained with the slurry technique were more precise than those obtained with thermal decomposition of selenium hydride HG AAS.
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